Introduction
Stereotactic Body Radiation Therapy (SBRT) is now accepted as a standard of care for medically inoperable early stage non-small cell lung cancer (NSCLC) [1, 2] . Long term results of retrospective series show excellent local control rates but poor survival with higher rates of distant metastasis despite early stage at presentation [3] [4] [5] [6] . Development of a prognostic tool to recognize factors can allow for stratification to test treatment strategies in future trials and selection of risk appropriate treatment strategies. These prognostic factors could be the bridge from empirical to individualized treatments for this patient population.
Previous studies have recognized patient, tumor and treatment related factors associated with overall survival (OS) or distant metastases free survival (DMFS) like the age at presentation, tumor size, histology, radiation dose, maximum standardized uptake value (SUVmax) of the primary tumor and various hematologic parameters [7, 8] . Many studies have evaluated the role of absolute leucocyte, neutrophil, monocyte, lymphocyte or platelet count, ratios of various parameters like neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), lymphocyte to monocyte ratio among others and found conflicting results and a variety of threshold values with prognostic importance [9] [10] [11] [12] [13] [14] . However, most of these studies have evaluated patients with advanced stage or medically operable early stage NSCLC who underwent surgery.
There are very few studies evaluating their role in stage I NSCLC undergoing SBRT [15, 16] . Most of these studies have limited their blood values measured within the 3 month period prior to initiating therapy [9] [10] [11] [12] [13] 15, 17] . Moreover, none of the studies have evaluated the changes in the values of the hematological parameters between pre-SBRT and post-SBRT. Therefore, in our study we evaluated the role of hematologic and other known prognostic factors including the trends of change in the hematological parameters between pre-SBRT and post-SBRT in early stage NSCLC patients treated with SBRT for various survival end points. We included CBC values that were produced within 6 months prior to and after SBRT in order to evaluate if these values show prognostic significance like that of the values within 3 months in other studies.
Material and methods
We reviewed 752 consecutive biopsy-proven stage I NSCLC patients (867 lesions) in an ethics-approved single institution retrospective study. Each patient underwent FDG PET-CT for staging at baseline as per the institutional policy. Of the 752, 487 patients received SBRT with a biologically equivalent dose (BED) >100 Gy 10 from January 2009 to January 2016. In brief, all patients underwent standardized positioning with or without abdominal compression. A 4DCT was acquired and an ITV was created using the maximum intensity projection. A risk adapted approach was used for deciding the dose fractionation where central tumors were treated with a more protracted fractionation as compared to peripheral tumors [18, 19] .
These patients were followed up with 3-monthly clinical examination and a contrast enhanced CT-scan of the chest for up to 2 years and then every 6 monthly to 5 years. The overall survival (OS), local recurrence-free survival (LFS) and DMFS were calculated using the Kaplan Meier method. The OS was defined as the time from the date of biopsy to death from any cause. The LFS was defined as the time from the RT completion to the date of local recurrence (within the radiation field). The DMFS was defined as time from the date of biopsy to the development of distant metastases. The definition of recurrence was based on the joint decision of the multi-disciplinary team including the treating physician mostly based on the clinical and radiologic assessment and occasionally after biopsy. If a patient had both local and distant failure they counted as events for both local and distant failure.
The Fig. 1 shows the consort diagram for this study explaining the number of patients with their CBC values available for this study at different time points before and after SBRT. Of the 487 patients treated with SBRT, 464 had their blood drawn for testing complete blood count (CBC) in the 6 months leading up to the first fraction, with 304 patients having additional blood work available in the 6 months post-SBRT. Of the 464 patients 324 patients, 225 had blood drawn within 3 months of pre and post SBRT. Duration between the date of drawing blood sample and radiation therapy starting was also noted. This information was retrieved retrospectively from patient charts and community reports. As described above various parameters like the hemoglobin level (Hb), absolute neutrophil count (ANC), absolute lymphocyte count (ALC), total platelet count (TPC), neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) both prior to and post-SBRT were noted for their prognostic significance. We then categorized the hematological values as 'Normal' and 'Abnormal' where the values for Normal hematological parameters were obtained from the reference values published by the Royal College of Physicians and Surgeons of Canada and are shown in Table 1 [20] . Comparisons were made between the pre-SBRT and post-SBRT values to evaluate the trends of change due to the treatment or otherwise. For this study a change in ANC or ALC of !0.2 Â 10 9 /L was considered significant and was reported as an increment/decline whereas, changes smaller than that were labelled as unchanged. Univariate analysis was performed on multiple permutations (e.g. ratios) of hematologic parameters (both as continuous and categorical data where categorical data was obtained by dichotomizing continuous data based on various thresholds used in different studies) and known prognostic factors such as age, performance status, gender, Charlsons Comorbidity Index (CCI), smoking status, T-stage, SUVmax, interval between diagnosis and radiation therapy, radiotherapy dose and total treatment duration among others. A Cox regression model was used to analyze factors with a p value 0.1 on univariate analyses. Factors with a p-value of 0.05 and a 95% confidence interval (CI) of were considered statistically significant for the multivariate model.
Results

Patient and treatment characteristics
The patient, treatment and tumor characteristics are shown in Table 2 . The females (n = 284) outnumbered the males (n = 180) and only 4.4% of the study population were lifelong non-smokers. Majority of the study patients had a performance score of 1 (72.6%) and only 76 patients presented with a CCI of !4. Eighty patients had T2 tumors and the median tumor diameter was 2 cm (0.7-6.2 cm). The PET information prior to SBRT delivery was not available for 4.5% of the patients and for the rest the median SUVmax of the primary tumor was 4.7. All the patients were treated with SBRT with a mean duration of treatment of 7 days. Only 3 patients received doses with a BED <100 Gy 10 .
Hematological parameters
There was minimal difference in the mean and median values of all the hematological parameters when comparing those recorded within 3 months to those within 6 months as seen in Table 3 .
Changes between pre and post-SBRT within 6 months
The hematological parameters were measured within 6 months prior to SBRT and within 6 months post-SBRT. These values were compared to evaluate the trends of change due to treatment with /L) respectively. The changing trends observed for NLR and PLR were also similar to that seen within 6 months except that the magnitude of change was smaller. Both NLR and PLR increased by 0.2 (3.9 -4.1) and 72 (146-218) respectively.
Survival post SBRT
The median follow-up of all surviving patients was 45.5 months (confidence interval (CI) 41.7-49.2 months) and the median OS was 56.4 months (CI: 49.2 -64.2 months). The 5 year OS, LFS and DMFS were 46.6, 88.7 and 76.4 respectively as shown in Table 4 . We tested known prognostic factors for their significance in our cohort of patients for OS, LFS and DMFS.
Prognostic factors for various survival end points
A variety of factors were tested as categorical and/continuous variables for their prognostic significance for OS, LFS and DMFS.
Overall survival
The factors that had a p value of 0.1 on univariate analysis for OS (shown in Table 5 ) were included for analysis in the multivariate model after accounting for correlation amongst the variables. The factors that were detrimental for OS on multivariate analysis were: pre-SBRT Hb <120 g/L (p = 0.03, HR:1.51), increase in ANC post-SBRT (p = 0.04, HR:1.49) and SUVmax of the primary >4 (p < 0.01, HR:2.16).
Local recurrence-free survival
The factors that were detrimental for LFS on multivariate analysis were: Hb <120 g/L (p = 0.03; HR:2.66) and a SUVmax of the primary >4 (p = 0.04; HR:3.00). No other hematological, patient, tumor or treatment related factors were found to be statistically significant.
Distant metastasis-free survival
The factors that were detrimental for DMFS on multivariate analysis were: Male gender (p = 0.02, HR 2.11), Hb <120 g/L (p = 0.02, HR:2.08), Abnormal TPC post-SBRT (p = 0.04, HR: 4.32) and a SUVmax of the primary >4 (p = 0.02, HR:2.25). No other hematological, patient, tumor or treatment related factors were found to be statistically significant.
Discussion
Our study is the first of its kind to evaluate the hematologic prognostic factors both before and after SBRT in medically inoperable patients with stage I NSCLC. Most studies to date have evaluated the hematologic parameters reported within 3 months from radiation therapy for solid tumors. Since cancer can take a long time to develop from pre-cancerous lesions, the hematologic changes associated with a paraneoplastic effect may also manifest well before the diagnosis and an interval change in the values of hematological parameters could be used as a prognostic/predictive marker. Hence, our study evaluated the hematologic parameters within 3 as well as 6 months of SBRT starting. The pre-SBRT CBC was within normal range for most of the patients as evidenced by the median values in Table 3 . The Pittsburgh Lung Screening Study along with the study by Takashi Arai et al. had shown that the median tumor doubling time was between 166 and 365 days. Even the rapid growers were classified as those that doubles in <183 days [21, 22] . The negligible difference in the mean and median values of pre-SBRT hematological parameters between 3 and 6 months could be because of this slow doubling time. Another study done by Ross et al. demonstrated the stability of mean values of the hematologic parameters for healthy subjects within an interval of nine months [23] . Even though a direct comparison between healthy adults and patients with NSCLC may not be ideal, there is lack of any other evidence in literature that evaluated the same. These findings suggest that blood drawn 6 months prior to the treatment for NSCLC can also be used for prognostication for a variety of survival end points and any change from the baseline may be associated with disease progression or resolution of the disease post treatment.
Even though there was a decline in the absolute values for all hematological parameters post-SBRT, both NLR and PLR increased highlighting the differential reduction in the various parameters. A few studies have suggested that such a decline post SBRT for lung cancer could be due to irradiation of the bone marrow in the thoracic vertebral bodies [24, 25] or due to exposure of large pools of blood in the heart or great vessels to low dose radiation [26] . Higher NLR and PLR have been associated with poor outcomes as seen in various studies [16, 27, 28] . Interestingly, our study did not show association of pre-SBRT NLR or PLR with any survival end points on multivariate model which has been seen in another study as well [29] . A meta-analysis evaluating the role of PLR showed that the strongest association between PLR and survival was seen in the metastatic or mixed groups of patients rather than those with loco-regional disease which also may have contributed to the reason for our results [30] . These parameters analyzed with various bio-markers and other known prognostic factors may help in dividing patients into favorable and unfavorable categories and be used for stratification in randomized studies. Recognizing such prognostic factors can also help develop various predictive models using higher order analytics like machine learning algorithms. The decision of escalation and de-escalation of subsequent therapies may be offered based on these categories.
The HB <120 g/L significantly adversely affected the OS, DMFS and the LFS. Many studies have shown that lower hemoglobin levels are a poor prognostic factor for OS in a variety of malignancies similar to our patient population [31] [32] [33] [34] . The hypothesis for lower HB levels is that tumor cells secrete factors such as TNF-a and IL-6 which suppress erythropoiesis [35] . Hypoxia due to anemia causes increase tumor angiogenesis and metastasis and could be the reason for poor DMFS [36] . Treatment with SBRT causes direct tumor cell kill, and also destroys the tumor vascular beds, leading to tumor cell death indirectly. It is also associated with release of large quantities of tumor antigens which stimulate anti-tumor immunity that aid in suppressing recurrence and metastases. It is currently believed that reoxygenation, repair, repopulation, and redistribution, which play an integral role in conventional fractionated radiotherapy, hold relatively little importance in SBRT [37] . Yet, for the first time our study showed that even when all patients were uniformly treated with SBRT doses !100 Gy 10 , HB <120 g/L was associated with poor LFS and may point towards unknown mechanisms of action of SBRT. Further studies should be directed towards validating these results prospectively.
The SUV max in a FDG PET-CT scan acts as a surrogate for tumor biology where higher values are associated with rapidly proliferating, aggressive tumors. The higher pre-treatment SUVmax values have been shown to correlate with poor LFS, DMFS and OS for NSCLC and many other solid tumors irrespective of the treatment used [38] [39] [40] . Our study results further help in establishing similar correlation and encourages its inclusion in a predictive model that aims at personalizing therapy.
The blood reports were collated from the records of the Cancer Centre and the community labs and therefore the reason for getting the blood drawn was not recorded. Intercurrent illnesses can dramatically change the peripheral blood count and confound the results and therefore need to be validated prospectively. There were missing CBC reports for many patients post-SBRT even within the 6 month period and these missing values may potentially introduce bias. The strength of our study lies in the large number of consecutive biopsy proven stage I NSCLC patients uniformly treated with SBRT at a single institute and the long follow-up. Even though ours is a simple study it has limitations associated with the retrospective nature of the study.
Conclusion
The median values of hematological parameters remain stable even at 6 months as compared to 3 months prior to SBRT starting and may be used interchangeably in absence of any intercurrent illness known to affect the hematological parameters. Stage I NSCLC patients even when treated with SBRT doses of BED >100 Gy 10 have a significantly higher local recurrence, distant metastases and poor overall survival if their pre-treatment Hb is <120 g/L and the primary tumor has a pre-treatment SUVmax >4. Hematologic parameters should be grouped with other patient and tumor characteristics to develop prognostic tools such as nomograms in patients with stage I NSCLC for individualizing and guiding therapy.
